
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

peen  des  brevets  E P   0  4 4 1   5 8 9   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
26.06.1996  Bulletin  1996/26 

(21)  Application  number:  91300927.0 

(22)  Date  of  filing:  05.02.1991 

(51)  intci.6:  H01M  6/16,  H01M  2/16,  
H01M  4/40,  H01M  4/48,  
H01M  4/58,  H01M  4/60,  
H01M  4 / 6 6  

(54)  High  energy  density  non-aqueous  electrolyte  lithium  cell  operational  over  a  wide  temperature 
range 
Hohe  Energiedichte  aufweisende  Lithiumzelle  mit  nicht-wassrigem  Elektrolyt,  die  tiber  einen  weiten 
Temeperaturbereich  einsatzbereit  ist 

Element  avec  electrolyte  a  base  de  lithium  a  haute  densite  d'energie  operation  nel  dans  un  large  ecart 
de  temperatures 

DO 
O) 
00 

^ -  
o  
a .  
LU 

(84)  Designated  Contracting  States: 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE 

(30)  Priority:  05.02.1990  US  475410 

(43)  Date  of  publication  of  application: 
14.08.1991  Bulletin  1991/33 

(73)  Proprietor:  WILSON  GREATBATCH  LTD. 
Clarence  New  York  14031  (US) 

(72)  Inventors: 
•  Ebel,  Steven  J. 

Town  of  Tonawanda,  NY  14150  (US) 
•  Pyszczyk,  Michael  F. 

Hamburg,  NY  14075  (US) 
•  Frysz,  Christine  A. 

East  Amherst,  NY  14051  (US) 

•  Zelinsky,  Michael  A. 
Lancaster,  NY  14086  (US) 

(74)  Representative:  Cropp,  John  Anthony  David  et  al 
MATHYS&  SQUIRE 
100  Grays  Inn  Road 
London,  WC1X8AL  (GB) 

(56)  References  cited: 
EP-A-0  169  407 
US-A-4  158  722 

EP-A-0  189  891 
US-A-  4  391  729 

CHEMIE  IN  UNSERER  ZEIT,  vol.  24,(1990),no.  1, 
pp.  32-36;  and  no.  2,  pp.  90-96,  Weinheim  (DE); 
G.  EICHINGERandG.Semrau:  "Lithiumbatterien 
I"  and  "Lithiumbatterien  II" 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP  0  441  589  B1 2 

Description 

This  invention  relates  generally  to  the  art  of  lithium 
batteries,  and  more  particularly  to  a  new  and  improved 
solid  cathode,  high  boiling  non-aqueous  electrolyte  lith- 
ium  cell  exhibiting  characteristics  of  both  a  high  energy 
density  and  consistent  operational  performance  over  a 
wide  temperature  range. 

Industrial  applications  involving  use  of  batteries  in 
oil  wells  and  exploration  provide  an  environment  where 
a  wide  range  of  temperatures  may  be  encountered.  For 
example,  a  rig  in  the  North  sea  may  require  that  the  bat- 
teries  give  adequate  performance  on  the  surface,  as 
well  as  providing  the  longevity  of  operation  required 
"down  hole"  in  the  oil  well's  high  temperature  environ- 
ment.  In  industrial  applications  such  as  the  "down  hole" 
pressure  measurement  market  and  other  oil  applica- 
tions,  a  high  energy  density  battery  is  preferred  to  opti- 
mize  performance  and  should  be  operable  over  a  tem- 
perature  range  of  from  about  0°C  to  about  1  80°C.  How- 
ever,  current  power  source  technology  heretofore  avail- 
able  does  not  offer  a  high  energy  density  battery  con- 
sistently  operable  over  the  wide  temperature  range. 

It  has  been  reported  that  with  some  high  tempera- 
ture  batteries,  the  oil  rig  operators  are  forced  to  heat  the 
tool  containing  the  batteries  on  the  surface  priorto  going 
"down  hole".  This  tends  to  be  a  burdensome  process 
and  potentially  dangerous  since  the  batteries  can  ex- 
plode.  Further,  surface  heating  generally  eliminates  sur- 
face  testing  of  the  equipment  prior  to  placement  in  the 
hole. 

Several  batteries  are  currently  available  which 
claim  high  temperature  performance.  One  such  com- 
mercially  available  cell  used  in  high  temperature  indus- 
trial  applications  today  is  the  zinc  silver  oxide  battery. 
The  zinc  silver  oxide  cell  exhibits  a  good  operating  tem- 
perature  range  from  about  room  temperature  to  approx- 
imately  1  80°C.  However,  the  cell  is  of  low  energy  density 
as  compared  to  lithium  and  delivers  only  about  1  to  1-1/2 
volts.  Consequently,  those  using  this  cell  in  the  industry 
incur  high  costs  in  terms  of  the  number  of  cells  required 
in  the  battery  and  increased  space  requirements  for 
these  large  number  of  cells. 

Other  batteries  designed  for  use  in  high  tempera- 
ture  (over  1  50°C)  industrial  applications  include  the  lith- 
ium/oxyhalide  batteries  and  the  lithium/copper  oxyphos- 
phate  battery.  However,  these  batteries  may  be  of  limit- 
ed  use  since  they  work  well  at  high  temperatures  but 
may  not  work  well  at  low  temperatures  (25°C  and  lower) 
as  does  the  cell  of  the  present  invention. 

Conventional  lithium  batteries  such  as  those  dis- 
closed  in  U.S.  Pat.  No.'s  3,536,532,  3,700,502  and 
4,271  ,242  are  operable  up  to  about  1  50°C  and  at  higher 
temperatures  are  unstable  because  of  excessive  inter- 
nal  pressure  generation.  Alkaline  batteries  are  generally 
utilized  in  applications  having  operational  temperature 
ranges  of  about  100-110°C.  However,  at  elevated  tem- 
perature  levels  such  as  180°C  alkaline  batteries  are  in- 

operative. 
Therefore,  a  high  energy  density  battery  of  consist- 

ent  operational  performance  over  a  wide  temperature 
range  is  needed  for  industrial  applications. 

5  The  primary  object  of  the  present  invention  is  to  pro- 
vide  an  electrochemical  cell  of  high  energy  density  and 
consistent  operational  performance  over  a  wide  temper- 
ature  range. 

Another  object  of  the  present  invention  is  to  provide 
10  such  an  electrochemical  cell  for  industrial  applications 

such  as  the  "down  hole"  pressure  measurement  market. 
Another  object  of  the  present  invention  is  to  provide 

such  an  electrochemical  cell  having  an  energy  density 
for  a  "C"  cell  of  from  about  0.25  watt  hrs/cc  to  about  0.6 

is  watt  hrs./cc  and  an  open  circuit  voltage  output  of  from 
about  3.0  volts  to  about  3.5  volts. 

Another  object  of  the  present  invention  is  to  provide 
such  an  electrochemical  cell  exhibiting  consistent  oper- 
ational  performance  over  a  temperature  range  of  from  - 

20  20°Cto180°C. 
The  electrochemical  cell  of  the  present  invention 

exhibits  a  high  energy  density  for  a  "C"  cell  of  from  about 
0.25  watt  hrs.cnr3  to  about  0.6  watt  hrs.cnr3  and  an 
open  circuit  voltage  output  of  about  3.0  volts  to  about 

25  3.5  volts.  The  electrochemical  cell  further  exhibits  con- 
sistent  operational  performance  over  a  temperature 
range  of  from  -20°C  to  180°C. 

According  to  the  present  invention  there  is  provided 
an  electrochemical  cell  having  a  metallic  anode  corn- 

so  prising:  a  Group  IA,  1  1  A  or  NIB  element  or  alloy  thereof; 
a  solid  cathode  of  electronically  conductive  material;  an 
ionic  conductive  non-aqueous  electrolyte  solution  oper- 
atively  associated  and  in  direct  contact  with  said  anode 
and  said  cathode,  said  non-aqueous  electrolyte  solution 

35  comprising  a  first  component  consisting  of  a  high  boiling 
aprotic  solvent,  or  combinations  thereof;  and  a  second 
component  consisting  of  at  least  one  lithium  salt;  a  cath- 
ode  current  collector  grid  of  non-corroding  highly  alloyed 
ferritic  stainless  steel;  and  an  hermetic  enclosure  for 

40  said  cell,  said  enclosure  including  a  metal  casing  and  a 
glass-to-metal  seal;  said  cell  demonstrating  an  energy 
density  of  up  to  about  0.6  watt  hrs.cnr3  and  exhibiting 
consistent  operational  performance  over  an  operational 
temperature  range  of  from  -20°C  to  180°C. 

45  More  preferably,  the  metallic  anode  comprises  a 
lithium-aluminum  alloy.  The  aluminum  preferably  com- 
prises  from  about  0%  to  about  50%  by  weight  of  the  al- 
loy.  The  solid  cathode  comprises  a  fluorinated  carbon 
such  as  polycarbon  monofluoride  (CFX)  wherein  x  rang- 

so  es  from  0.5  to  1  .2,  a  metal  oxide  or  a  metal  oxide  bronze 
such  as  silver  vanadium  oxide.  The  cathode  preferably 
further  comprises  a  suitable  binder  material  which  may 
be  polytetrafluoroethylene.  The  non-aqueous  electro- 
lyte  solution  preferably  comprises  a  first  component 

55  consisting  of  a  high  boiling  aprotic  solvent  or  combina- 
tions  thereof,  and  a  second  component  consisting  of  at 
least  one  lithium  salt.  Optionally,  a  secondary  salt  con- 
taining  perchlorate  anion  may  be  present  in  the  aqueous 

25 

30 

35 

40 

45 

50 

2 



3 EP  0  441  589  B1 4 

electrolyte  solution. 
Fig.  1  discloses  a  graph  showing  discharge  at 

180°C  under  301  ohm  load  of  a  cell  having  a  graphite 
coating  baked  on  a  titanium  current  collector  at  a  tem- 
perature  of  300°C. 

Fig.  2  discloses  a  graph  showing  discharge  at 
180°C  under  301  ohm  load  of  a  cell  having  a  graphite 
coating  baked  on  a  titanium  current  collector  at  a  tem- 
perature  of  150°C. 

Fig.  3  discloses  a  graph  showing  discharge  at 
1  80°C  under  301  ohm  load  of  the  cell  of  the  present  in- 
vention  having  a  cathode  current  collector  comprised  of 
the  highly  alloyed  ferritic  stainless  steel  material  SU- 
PERFERRIT. 

Fig.  4  discloses  a  graph  showing  discharge  at 
180°C  under  56  ohm  load  of  the  cell  of  the  present  in- 
vention  having  a  cathode  current  collector  comprised  of 
the  highly  alloyed  ferritic  stainless  steel  material  SUP- 
PERFERRIT. 

Fig.  5  discloses  a  graph  showing  discharge  of  the 
cell  of  the  present  invention  as  a  function  of  tempera- 
ture. 

Fig.  6  discloses  a  graph  showing  discharge  of  the 
cell  of  the  present  invention  by  capacity  versus  temper- 
ature  characteristics. 

Fig.  7  discloses  a  graph  showing  the  running  volt- 
age  versus  the  test  temperature  characteristic  curve  of 
the  cell  of  the  present  invention. 

Fig.  8  discloses  a  graph  showing  the  longevity  of 
operation  of  two  zinc/silver  oxide  C  cells  connected  in 
series  to  a  single  cell  of  the  present  invention. 

The  term  "energy  density"  as  used  herein,  refers  to 
the  energy  density  of  a  "C"  cell  to  2V  under  nominal  load 
depending  on  temperature  use.  The  cell  of  the  present 
invention  demonstrates  an  energy  density  of  from  about 
0.25  watt  hrs./cnr3  to  about  0.6  watt  hrs./cnr3  to  2V  un- 
der  a  nominal  load  of  from  about  3  ohm  to  1  K  ohm  and 
at  a  temperature  of  from  about  -20°C  to  180°C. 

The  cell  of  the  present  invention  exhibits  consistent 
operational  performance  over  a  temperature  range  of 
from  -20°C  to  180°C  with  an  operating  life  at  180°C  of 
about  eighteen  days.  The  cell  provides  an  open  circuit 
voltage  output  of  from  about  3.0  volts  to  about  3.5  volts. 
Other  characteristics  for  a  "C  size"  cell  of  the  present 
invention  include  stability  at  temperatures  as  high  as 
200°C,  nominal  current  capacity  of  4.0Ah,  a  continuous 
discharge  rate  to  250mA,  and  an  estimate  self  discharge 
rate  of  less  than  2%  per  year.  The  cell  will  not  rupture 
or  leak  when  subjected  to  short  circuit  at  room  temper- 
ature. 

The  cell  of  the  present  invention  comprises  an  an- 
ode  selected  from  group  IA,  MA  or  1MB  metals,  and  their 
alloys.  The  preferred  anode  comprises  lithium,  and  the 
more  preferred  anode  comprises  a  lithium  alloy,  the  pre- 
ferred  lithium  alloy  being  lithium  aluminum.  The  alumi- 
num  comprises  from  about  0%  to  about  50%  by  weight 
of  the  alloy.  The  greater  the  amount  of  aluminum  present 
by  weight  in  the  alloy  the  lower  the  energy  density  of  the 

cell.  The  form  of  the  anode  may  vary,  but  preferably  is 
a  thin  metal  sheet  or  foil  of  the  anode  metal,  pressed  or 
rolled  on  a  metallic  anode  current  collector  to  form  an 
anode  strip.  In  the  cell  of  the  present  invention,  the  an- 

5  ode  strip  has  an  extended  tab  or  lead  of  the  same  ma- 
terial  as  the  current  collector  or  integrally  formed  there- 
with  welded  to  the  current  collector  and  contacted  by 
weld  to  a  cell  case  of  conductive  metal  in  a  case-nega- 
tive  electrical  configuration.  Alternatively,  the  anode 

10  may  be  formed  in  some  other  geometry,  such  as  a  bob- 
bin  shape,  cylinder  or  pellet  to  allow  an  alternate  low 
surface  area  cell  design. 

The  cell  of  the  present  invention  further  comprises 
a  solid  cathode  of  an  electronically  conductive  compos- 

es  ite  material  which  serves  as  the  other  electrode  of  the 
cell.  The  solid  cathode  material  may  comprise  a  fluori- 
nated  carbon,  a  metal  oxide  or  metal  oxide  bronze.  The 
solid  cathode  exhibits  excellent  thermal  stability  and  is 
generally  safer  and  less  reactive  than  a  non-solid  cath- 

20  ode.  In  one  aspect  thereof,  the  solid  cathode  material 
preferably  comprises  a  fluorinated  carbon,  and  more 
pyeferably  comprises  polycarbon  monofluoride  (CFX),  a 
conductive  agent  such  as  a  carbon  black  or  graphite, 
and  a  binder  such  as  polytetrafluoroethylene  (PTFE). 

25  Polycarbon  monofluoride  (CFX)  is  preferably  present  in 
an  amount  wherein  "x"  is  in  the  range  of  from  about  0.5 
to  about  1  .2,  and  most  preferably  about  1  .  For  a  more 
detailed  description  of  this  as  well  as  alternative  fluori- 
nated  carbon  materials  reference  is  made  to  U.S.  Pat. 

30  No's  3,536,532,  3,700,502  and  4,271  ,242. 
In  another  aspect  thereof,  the  solid  cathode  mate- 

rial  may  comprise  a  metal  oxide  bronze.  The  cathode 
material  can  be  constructed  by  the  chemical  addition, 
reaction  or  otherwise  intimate  contact  of  various  metal 

35  oxides  and/or  metal  elements  during  thermo  treatment 
in  mixed  states.  Alternatively,  the  cathode  material  may 
be  the  product  of  a  thermo  treatment  of  a  single  metal 
oxide.  The  materials  thereby  produced  contain  metals 
an  oxides  of  the  Group  IB,  MB,  MIB,  IVB,  VB,  VIB,  VIIB 

40  and  VI  1  1  B  which  includes  the  noble  metals  and/or  their 
oxide  compounds.  Decomposable  compounds  consist- 
ing  of  metals  from  Groups  IB,  MB,  1MB,  IVB,  VB,  VIB  and 
VIIB  as  well  as  similarly  decomposable  compounds 
from  Group  VI  1  1  B  are  thermally  treated  so  as  to  effect 

45  the  rapid  preparation  of  the  oxides  or  the  respective  met- 
al  elements  themselves  to  be  utilized  further  in  the  prep- 
aration  of  suitable  cathode  materials.  Such  readily  de- 
composable  materials  include,  but  are  not  limited  to, 
those  classes  of  compounds  known  as  nitrates,  nitrites, 

so  carbonates  and/or  ammonium  salts.  These  precursor 
materials  may  be  decomposed  in  a  combined  state  or 
individually  decomposed  and  thereafter  combined  in  an 
oxide-decomposable  metal  salt  compound  and  subse- 
quently  decomposed  to  form  the  cathode  composite 

55  matrix.  For  a  more  detailed  description  of  the  metal  ox- 
ide  bronze  cathode  material,  reference  is  made  to  U.S. 
Pat.  No.  4,391,729. 

In  still  a  further  aspect  thereof,  the  solid  cathode 
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material  may  comprise  a  metal  oxide.  For  a  detailed  de- 
scription  of  metal  oxides  for  use  as  the  cathode  material 
in  the  cell  of  the  present  invention,  reference  is  made  to 
U.S.  Pat.  No.  3,945,848  which  discloses  the  use  of  co- 
balt  (III)  oxide,  U.S.  Pat.  No.  4,158,722  which  discloses 
the  use  of  chromium  oxide  and  U.S.  Pat.  No.  3,423,242 
which  discloses  the  use  of  vanadium  pentoxide. 

The  cathode  current  collector  grid  is  of  a  corrosion 
resistant  highly  alloyed  ferritic  stainless  steels  such  as 
30-2  SHOMAC,  ALLEGHENY-LUDLUM  29-4-2  and 
29-4-C,  and  SUPERFERRIT  (REMANIT  4575).  The  me- 
tallic  grid  may  or  may  not  be  annealed.  A  comparative 
cathode  current  collector  is  formed  from  a  grade  of 
chemically  pure  titanium  coated  with  a  conductive 
graphite  such  as  ACHESON  ELECTRODAG  158.  Cur- 
rent  coating  technology  provides  for  baking  the  graphite 
coating  on  the  current  collector  at  temperatures  of 
around  150°C.  With  reference  to  Figures  1  and  2  it  was 
discovered  that  baking  the  graphite  coating  on  the  tita- 
nium  current  collector  at  a  temperature  of  about  300°C 
increased  the  longevity  of  discharge  service  of  the  cell 
while  still  providing  an  effective  passivation  barrier  hav- 
ing  enough  conductivity.  Figure  1  shows  a  typical  dis- 
charge  curve  which  represents  the  comparative  cell 
having  the  graphite  baked  on  the  titanium  current  col- 
lector  at  300°C.  Figure  2  shows  a  typical  discharge 
curve  which  represents  the  comparative  cell  having  the 
graphite  baked  on  the  titanium  current  collector  at 
150°C.  Thereafter,  the  cells  shown  in  Figures  1  and  2 
were  discharged  at  1  80°C  under  a  301  ohm  load.  If  the 
coating  is  baked  at  a  temperature  of  300°C  as  opposed 
to  150°C  reduced  corrosion  is  noted  resulting  in  a  more 
stable  cell  having  better  performance.  It  was  concluded 
that  when  the  graphite  coating  is  baked  on  the  titanium 
current  collector  at  a  temperature  of  200°C  or  lower  the 
effect  will  be  decreased  cell  performance. 

The  cathode  current  collector  for  use  in  accordance 
with  the  cell  of  the  present  invention  comprises  one  of 
the  class  of  highly  alloyed  ferritic  stainless  steels.  With 
reference  to  Figures  3  and  4,  there  is  shown  discharge 
curves  at  180°Cand301ohmand56ohm  loads,  respec- 
tively,  showing  the  performance  of  a  cell  of  the  present 
invention  using  SUPERFERRIT  material  as  the  cathode 
current  collector.  Of  course,  the  self  discharge  com- 
petes  with  the  cell  capacity  and  is  dependent  on  load 
and  time.  It  has  been  discovered  that  this  cell  using  the 
SUPPERFERRIT  cathode  current  collector  exhibits  bet- 
ter  cell  performance  than  the  cell  using  the  titanium  cath- 
ode  current  collector  having  the  graphite  baked  thereon 
as  shown  in  Figures  1  and  2.  Using  highly  alloyed  ferritic 
stainless  steels  has  never  been  applied  to  batteries  op- 
erational  at  high  temperatures  over  100°C. 

Furthermore,  it  was  found  that  a  cathode  current 
collector  comprising  a  highly  alloyed  ferritic  stainless 
steel  does  not  need  a  graphite  coating  as  described 
above  for  use  at  high  temperatures.  The  cathode  current 
collector  used  in  the  cell  of  the  present  invention  may 
be  fabricated  by  any  of  the  following  techniques:  me- 

chanical  expansion;  chemical  machining,  etching  or 
milling;  electrolytic  etching;  woven  fabric;  perforation  or 
foil  with  vapor  deposited  bonding  layer.  In  the  cell,  the 
cathode  current  collector  is  in  contact  with  the  positive 

5  terminal  pin  via  a  lead  of  the  same  material  as  the  cur- 
rent  collector  which  is  welded  to  both  the  current  collec- 
tor  and  the  positive  terminal  pin  for  electrical  contact. 
For  a  more  detailed  description  of  the  highly  alloyed  fer- 
ritic  stainless  steel  cathode  current  collector  refer  to  re- 

10  lated  United  States  patent  no  5,114,810  issued  19th 
May  1  992. 

The  cell  of  the  present  invention  further  comprises 
a  high  boiling  non-aqueous  electrolyte  solution  opera- 
tively  associated  with  the  anode  and  the  cathode.  The 

is  preferred  non-aqueous  electrolyte  comprises  single 
high  boiling  aprotic  solvents,  or  combinations  thereof, 
including  (gamma)-butyrolactone,  propylene  carbon- 
ate,  diglyme,  tetraglyme,  dimethyl  sulfite,  dimethyl  sul- 
foxide,  sulfolane,  (gamma)-valerolactone  and  ethylene 

20  carbonate.  Most  preferably,  the  non-aqueous  electro- 
lyte  comprises  (gamma)-butyrolactone. 

Additionally,  the  non-aqueous  electrolyte  solution 
comprises  a  lithium  salt  with  a  suitably  stable  anion. 
Such  lithium  salts  include  lithium  tetrafluoroborate,  lith- 

25  ium  hexafluoroarsenate,  lithium  trifluoromethane  sul- 
fonate,  hexafluorophosphate  and  lithium  perchlorate 
alone  or  in  combination  with  an  optional  secondary  salt 
containing  the  perchlorate  anion  such  as  lithium  per- 
chlorate  and  tetrabutyl  ammonium  perchlorate.  The 

30  most  preferred  lithium  salt  is  lithium  tetrafluoroborate. 
The  purpose  of  the  perchlorate  secondary  salt  is  to 
change  the  corrosion  characteristics  of  the  cathode  po- 
larity  metallic  components,  such  as  the  current  collector 
and  cathode  lead,  thereby  increasing  discharge  longev- 

35  ity  to  over  two  weeks  at  high  temperatures  such  as 
180°C. 

When  the  mechanical  structure  or  configuration  of 
the  cell  requires,  a  separator  can  be  employed  to  pro- 
vide  physical  separation  between  the  anode  and  the 

40  cathode  current  collectors.  The  separator  is  of  electri- 
cally  insulative  material  to  prevent  an  internal  electrical 
short  circuit  in  the  cell  between  the  anode  and  the  cath- 
ode  current  collectors.  The  separator  material  also  must 
be  chemically  unreactive  with  both  the  materials  of  the 

45  anode  and  the  cathode  current  collectors  and  the  non- 
aqueous  electrolyte  solution.  In  addition,  the  separator 
providesphysical  separation  between  the  anode  and  the 
cathode  current  collectors.  The  separator  is  of  electri- 
cally  insulative  material  to  prevent  an  internal  electrical 

so  short  circuit  in  the  cell  between  the  anode  and  the  cath- 
ode  current  collectors.  The  separator  material  also  must 
be  chemically  unreactive  with  both  the  materials  of  the 
anode  and  the  cathode  current  collectors  and  the  non- 
aqueous  electrolyte  solution.  In  addition,  the  separator 

55  material  must  have  a  degree  of  porosity  sufficient  to  al- 
low  flow  therethrough  of  the  electrolyte  solution  during 
the  electrochemical  reaction  of  the  cell.  Examples  of 
separator  materials  include  nonwoven  glass,  porous 

4 
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TEFLON,  glass  fiber  material,  ceramics  and  materials 
commercially  available  under  the  trademarks  ZITEX 
(Chemplast  Inc.),  CELLGARD  (Celanese  Plastic  Co. 
Inc.)  and  DEXIGLAS  (C.H.  Dexter  Div.  Dexter  Corp.). 
The  form  of  the  separator  typically  is  a  sheet  which  is 
placed  between  the  anode  and  cathode  of  the  cell  in  a 
manner  preventing  physical  contact  between  the  anode 
and  cathode,  and  such  contact  is  prevented  when  the 
combination  is  rolled  or  otherwise  formed  into  a  cylindri- 
cal  configuration. 

The  assembly  of  the  cell  described  herein  is  prefer- 
ably  in  the  form  of  a  wound  element  cell.  That  is,  the 
fabricated  cathode,  anode  and  separator  are  wound  to- 
gether  in  a  "jelly  roll"  end  type  configuration  or  "wound 
element  cell  stack"  such  that  the  anode  is  on  the  outside 
of  the  roll  to  make  electrical  contact  with  the  cell  case. 
Using  suitable  top  and  bottom  insulators,  the  wound  cell 
stack  is  inserted  into  a  metallic  case  of  a  suitable  size 
dimension.  The  metallic  case  may  be  comprised  of  ma- 
terials  such  as  stainless  steel,  mild  steel,  nickel-plated 
mild  steel,  titanium  or  aluminum,  but  not  limited  thereto 
so  long  as  the  metallic  material  is  compatible  for  use 
with  the  components  of  the  cell.  The  cell  header  com- 
prises  a  metallic  disc-shaped  body  with  a  first  hole  to 
accommodate  a  glass  to  metal  seal/terminal  pin 
feedthrough  and  a  hole  for  electrolyte  filling.  The  glass 
used  is  of  a  corrosion  resistant  type  having  from  about 
0%  to  about  50%  by  weight  silicon  such  as  CABAL  12, 
TA  23  or  FUSITE  425  or  435.  The  positive  terminal  pin 
feedthrough  preferably  comprises  molybdenum,  titani- 
um,  nickel  alloy,  or  stainless  steel  material.  The  cell 
header  comprises  elements  having  compatibility  with 
the  other  components  of  lithium  batteries  and  is  for  re- 
sistance  to  corrosion.  The  cathode  lead  is  welded  to  the 
positive  terminal  pin  in  the  glass  to  metal  peal.  The 
header  is  welded  to  the  case  containing  the  electrode 
stack.  The  cell  is  thereafter  filled  with  the  electrolyte  so- 
lution  described  hereinabove  and  hermetically  sealed 
such  as  by  close-welding  a  stainless  steel  ball  over  the 
fill  hole,  but  not  limited  thereto.  This  above  assembly 
describes  a  case  negative  cell  which  is  the  preferred 
construction  of  the  cell  of  the  present  invention. 

The  electrochemical  cell  disclosed  herein  operates 
in  the  following  manner.  When  the  ionic  conductive  elec- 
trolyte  solution  becomes  operatively  associated  with  the 
anode  and  cathode  of  the  cell,  an  electrical  potential  dif- 
ference  is  developed  between  terminals  operatively 
connected  to  the  anode  and  cathode.  The  electrochem- 
ical  reaction  of  the  anode  includes  oxidation  to  form  met- 
al  ions  during  discharge  of  the  cell.  The  electrochemical 
reaction  of  the  cathode  involves  conversion  of  ions 
which  migrate  from  the  anode  to  the  cathode  into  re- 
duced  molecular  forms. 

The  cell  is  provided  with  a  fuse  to  insure  cell  safety 
under  excessive  discharge  rates  or  inadvertent  short  cir- 
cuit.  A  temperature  safety  margin  of  up  to  200°C  has 
been  tested  without  incident.  The  cell  of  the  present  in- 
vention  exhibits  a  high  energy  density  and  consistent 

operational  performance  over  a  wide  temperature 
range,  and  this  will  become  more  apparent  with  refer- 
ence  to  the  following  examples. 

5  EXAMPLE  1 

C  size  dimension  cells  having  a  case  height  of  45 
mm  (1  .77  inches)  and  inside  diameter  of  24.3mm  (0.957 
inches)  were  constructed.  The  cathode  material 

10  weighed  8.0  grams  and  comprised,  by  total  weight  per- 
cent,  87%  polycarbon  monofluoride,  8%  carbon  black 
and  5%  PTFE.  The  cathode  was  fabricated  by  sheeting 
the  material  on  a  SUPERFERRIT  cathode  current  col- 
lector  to  form  a  flexible  cathode  strip  101  .6mm  (4.0  inch- 

es  es)  in  length  and  38.  1  mm  (1.5  inches)  in  width.  The  an- 
ode  material  weighed  1  .51  grams  and  comprised,  by  to- 
tal  weight  percent,  85%  lithium  and  1  5%  aluminum.  The 
lithium  aluminum  alloy  was  pressed  on  a  nickel  anode 
current  collector  to  form  an  anode  strip  by  sandwiching 

20  the  anode  current  collector  between  two  pieces  of  lithi- 
um  aluminum  alloy,  one  piece  133.3mm  (5.25  inches) 
and  the  second  piece  63.5mm  (2.5  inches)  in  length  and 
33.02mm  (1.30  inches)  in  width,  with  a  lead  welded 
thereto.  Separator  material,  KAOWOOL  glass  mat  pa- 

25  per,  of  0.5mm  (0.02  inches)  in  thickness  was  cut  to  di- 
mensions  of  285.75mm  (11.25  inches)  in  length  and 
41  .4mm  (1  .63  inches)  in  width  and  was  placed  between 
the  anode  and  cathode.  Thereafter  the  anode,  cathode 
and  separator  were  rolled  together  into  a  wound  ele- 

30  ment  cell  stack  wherein  the  anode  material  was  on  the 
outside  of  the  cell  to  make  electrical  contact  with  the  cell 
case.  Using  top  and  bottom  insulators  of  FEP  TEFLON 
and  top  and  bottom  pads  of  KAO-WOOL  0.5mm  (0.02") 
the  cell  stack  was  inserted  into  a  stainless  steel  case  of 

35  c  size  dimensions  as  noted  above.  The  cathode  lead  is 
fed  through  the  top  insulator  and  pad  so  as  to  make  con- 
tact  with  the  terminal  pin.  The  cell  header  comprised  a 
stainless  steel  disc  shaped  body  with  a  hole  to  accom- 
modate  the  glass  to  metal  seal  terminal  pin  feedthrough 

40  and  a  hole  for  electrolyte  filling.  The  FUSITE  435  glass 
used  was  of  a  corrosion  resistant  type.  The  positive  ter- 
minal  pin  feedthrough  comprised  E-BRITE  stainless 
steel.  The  cathode  lead  was  welded  to  the  positive  ter- 
minal  pin  in  the  glass  to  metal  seal.  The  header  was 

45  welded  to  the  case  containing  the  wound  element  cell 
stack.  An  amount  of  12.0  grams  of  the  electrolyte  solu- 
tion  comprising  one  molar  lithium  tetrafloroborate 
(LiBF4)  in  gamma  butyrolactone  was  added  to  each  of 
the  cells.  The  cells  were  then  hermetically  sealed  by 

so  close-welding  a  stainless  steel  ball  over  the  fill  hole. 
The  cells  have  a  nominal  capacity  of  4.5AH  and  an 

open  circuit  potential  of  about  3.2  to  about  3.6  volts.  The 
cell  has  demonstrated  energy  density  of  0.28wh/g 
(0.6wh.cnr3  at  180°C. 

55 
Example  II 

A  cell  was  prepared  as  in  Example  1  and  the  dis- 

5 
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charge  behavior  was  observed.  The  discharge  behavior 
is  represented  by  the  discharge  curve  shown  in  Fig.  5 
as  a  function  of  temperature,  and  by  the  capacity  versus 
temperature  characteristics  curve  shown  in  Fig.  6.  It  is 
observed  that  to  a  2V  cutoff  under  a  56  ohm  load,  more 
than  half  of  the  maximum  achievable  capacity  is  still 
available  at  temperatures  as  low  as  -20°C. 

Example  III 

A  cell  was  prepared  as  in  Example  1  and  the  56ohm 
running  voltage,  i.e.  the  voltage  at  1/2  capacity,  versus 
test  temperature  was  observed.  The  characteristic 
curve  is  shown  in  Fig.  7. 

Comparative  Example  IV 

A  single  cell  was  prepared  as  in  Example  1  ,  except 
that  the  cathode  current  collector  was  comprised  of  ti- 
tanium.  This  cell  was  compared  to  two  Zn/Ag20  "C"  cells 
connected  in  series  which  are  commercially  available 
and  used  in  "down  hole  applications"  under  a  discharge 
regime  which  was  as  close  to  a  realistic  worst  case  as 
possible  under  laboratory  conditions.  The  cells  were  dis- 
charged  at  low  rates  (301  ohm  loads,  or  approximately 
10  mA)  while  being  randomly  cycled  between  100°C 
and  1  80°C  which  represents  a  typical  range  of  temper- 
atures  for  "downhole"  applications.  Fig.  8  shows  that  a 
series  of  two  Zn/Ag20  cells  cannot  match  the  perform- 
ance  of  a  single  cell  prepared  as  described  above  in  lon- 
gevity  of  operation.  Accordingly,  the  latter  is  a  significant 
improvement  over  the  Zn/Ag20  cell.  It  is  noted  that  a 
cell  prepared  as  described  above  except  using  a  highly 
alloyed  ferritic  stainless  steel  as  the  cathode  current  col- 
lector  material  should  exhibit  still  better  performance 
than  the  cell  using  titanium  as  the  cathode  current  col- 
lector. 

30-2  SHOMAC,  ALLEGHENY  LUDLUM  29-4-2  and 
29-4-C,  SUPERFERRIT  (REMANIT  4575),  ACHESON 
ELECTRODAG  158,  TEFLON,  ZITEX,  CELLGARD, 
DEXIGLAS,  CABAL  12,  TA23,  FUSITE  425  and  435, 
KAOWOOL  and  E-BRITE  are  trade  marks  which  may 
be  registered  in  some  or  all  designated  states. 

Claims 

1.  An  electrochemical  cell  having  a  metallic  anode 
comprising:  a  Group  IA,  1  1  A  or  NIB  element  or  alloy 
thereof;  a  solid  cathode  of  electronically  conductive 
material;  an  ionic  conductive  non-aqueous  electro- 
lyte  solution  operatively  associated  and  in  direct 
contact  with  said  anode  and  said  cathode,  said  non- 
aqueous  electrolyte  solution  comprising  a  first  com- 
ponent  consisting  of  a  high  boiling  aprotic  solvent, 
or  combinations  thereof;  and  a  second  component 
consisting  of  at  least  one  lithium  salt;  a  cathode  cur- 
rent  collector  grid  of  non-corroding  highly  alloyed 

ferritic  stainless  steel;  and  an  hermetic  enclosure 
for  said  cell,  said  enclosure  including  a  metal  casing 
and  a  glass-to-metal  seal;  said  cell  demonstrating 
an  energy  density  of  up  to  about  0.6  watt  hrs.cnr3 

5  and  exhibiting  consistent  operational  performance 
over  an  operational  temperature  range  of  from 
-20°Cto  180°C. 

2.  The  cell  of  Claim  1  ,  wherein  said  anode  is  a  lithium 
10  aluminum  alloy. 

3.  The  cell  of  Claim  2,  wherein  said  lithium  aluminum 
alloy  comprises  from  about  0%  to  about  50%  alu- 
minum  by  weight. 

15 
4.  The  cell  of  any  one  of  Claims  1  to  3  wherein  said 

solid  cathode  is  selected  from  a  fluorinated  carbon, 
a  metal  oxide  or  a  metal  oxide  bronze. 

20  5.  The  cell  of  Claim  4,  wherein  the  fluorinated  carbon 
is  polycarbon  monofluoride  (CFX)  wherein  x  ranges 
from  0.5  to  about  1  .2. 

6.  The  cell  of  Claim  4,  wherein  the  metal  oxide  bronze 
25  is  silver  vanadium  oxide. 

7.  The  cell  of  any  one  of  the  preceding  claims,  wherein 
the  cathode  further  comprises  a  suitable  binder  ma- 
terial. 

30 
8.  The  cell  of  Claim  7,  wherein  the  binder  material  is 

polytetrafluoroethylene. 

9.  The  cell  of  any  one  of  Claims  1  to  8,  wherein  said 
35  cathode  current  collector  grid  is  comprised  of  one 

of  the  class  of  highly  alloyed  ferritic  stainless  steels. 

10.  The  cell  of  Claim  9,  wherein  said  highly  alloyed  fer- 
ritic  stainless  steel  is  SUPERFERRIT. 

40 
11.  The  cell  of  any  one  of  Claims  1  to  10,  wherein  said 

cathode  current  collector  is  fabricated  using  a  tech- 
nique  selected  from  the  group  consisting  of  me- 
chanical  expansion,  chemical  machining,  etching  or 

45  milling,  electrolytic  etching,  woven  fabric,  perfora- 
tion  and  foil  with  vapor  deposited  bonding  layer. 

12.  The  cell  of  any  one  of  Claims  1  to  11  wherein  said 
high  boiling  aprotic  solvent  is  selected  from  the 

so  group  consisting  of  (gamma)  butyrolactone,  propyl- 
ene  carbonate,  diglyme,  tetraglyme,  dimethyl 
sulfite,  dimethyl  sulfoxide,  sulfolane,  (gamma)- 
valerolactone,  ethylene  carbonate  and  combina- 
tions  thereof. 

55 
13.  The  cell  of  any  one  of  Claims  1  to  12,  wherein  said 

lithium  salt  is  selected  from  the  group  consisting  of 
lithium  tetrafluoroborate,  lithium  hexafluoroarse- 

40 

45 
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nate,  lithium  trifluoromethane  sulfonate,  lithium 
hexafluororophosphate  and  lithium  perchlorate. 

14.  The  cell  of  any  one  of  Claims  1  to  13,  wherein  said 
electrolyte  solution  further  comprises  a  salt  contain-  s 
ing  the  perchlorate  anion. 

15.  The  cell  of  Claim  14,  wherein  said  salt  is  selected 
from  the  group  consisting  of  perchlorate,  tetraalkyl 
ammonium  perchlorate  and  lithium  tetrafluorobo-  10 
rate. 

16.  The  cell  of  any  one  of  Claims  1  to  15,  wherein  the 
cell  further  includes  an  anode  current  collector  and 
a  separator  material  located  between  the  anode  15 
and  cathode  current  collectors. 

17.  The  cell  of  Claim  16,  wherein  said  separator  mate- 
rial  is  selected  from  the  group  consisting  of  KAOW- 
OOL,  glass  fibers  and  porous  fluoro  polymers.  20 

18.  The  cell  of  any  one  of  the  preceding  claims  wherein 
the  anode  geometry  includes  a  bobbin,  cylinder, 
strip  or  pellet  shape. 

25 

Patentanspriiche 

1.  Elektrochemische  Zelle  mit  einer  Metallanode,  die 
folgende  Merkmale  aufweist:  ein  Element  aus  den  30 
Gruppen  IA,  1  1  A  oder  NIB  oder  eine  Legierung  dar- 
aus,  eine  Festkathode  aus  elektrisch  leitfahigem 
Material,  eine  ionische,  leitfahige,  nichtwaBrige 
Elektrolytlosung,  die  mit  der  Anode  und  der  Katho- 
de  im  Betriebszustand  in  Verbindung  und  in  direk-  35 
tern  Kontakt  steht,  wobei  die  nichtwaBrige  Elektro- 
lytlosung  eine  erste  Komponente  aufweist,  die  aus 
einem  hochsiedenden  aprotischen  Losungsmittel 
oder  Kombinationen  davon  besteht,  sowie  eine 
zweite  Komponente  umfaBt,  welche  aus  minde-  40 
stens  einem  Lithiumsalz  besteht,  ein  Kathoden- 
stromkollektorgitter  aus  nichtkorrodierendem, 
hochlegiertem  ferritischem  Edelstahl  sowie  eine 
hermetische  Einkapselung  fur  diese  Zelle,  wobei 
die  Einkapselung  ein  Metallgehause  sowie  eine  45 
Glas-auf-Metall-Versiegelung  mit  einschlieBt  und 
die  Zelle  eine  Energiedichte  von  bis  zu  etwa  0,6 
Wattstunden-cnr3  aufweist  und  eine  gleichmaBige 
Betriebsleistung  iiber  einen  Betriebstemperaturbe- 
reich  von  -20  °C  bis  180  °C  aufbringt.  so 

2.  Zelle  nach  Anspruch  1  ,  worin  die  Anode  eine  Lithi- 
umaluminiumlegierung  darstellt. 

3.  Zelle  nach  Anspruch  2,  worin  die  Lithiumaluminium-  55 
legierung  etwa  0  Gew.-%  bis  etwa  50  Gew.-%  Alu- 
minium  aufweist. 

4.  Zelle  nach  einem  der  Anspruche  1  bis  3,  worin  die 
Festkathode  aus  einem  fluorierten  Kohlenstoff,  ei- 
nem  Metalloxid  oder  einer  Metalloxidbronze  ausge- 
wahlt  ist. 

5.  Zelle  nach  Anspruch  4,  worin  der  fluorierte  Kohlen- 
stoff  ein  Polykohlenstoffmonofluorid  ist  (CFX),  worin 
x  von  0,5  bis  etwa  1  ,2  variiert. 

6.  Zelle  nach  Anspruch  4,  worin  die  Metalloxidbronze 
aus  Silbervanadiumoxid  gebildet  ist. 

7.  Zelle  nach  einem  der  vorstehenden  Anspruche, 
worin  die  Kathode  zusatzlich  noch  ein  geeignetes 
Bindemittel  aufweist. 

8.  Zelle  nach  Anspruch  7,  worin  das  Bindemittel  aus 
Polytetrafluorethylen  gebildet  ist. 

9.  Zelle  nach  einem  der  Anspruche  1  bis  8,  worin  das 
Kathodenstromkollektorgitter  aus  einem  der  Stahle 
aus  der  Klasse  hochlegierterferritischer  Edelstahle 
gebildet  ist. 

10.  Zelle  nach  Anspruch  9,  worin  der  hochlegierte  fer- 
ritische  Edelstahl  aus  SUPERFERRIT  gebildet  ist. 

11.  Zelle  nach  einem  der  Anspruche  1  bis  10,  worin  der 
Kathodenstromkollektor  in  der  Weise  hergestellt 
wird,  dal3  eine  Technik  aus  der  aus  mechanischer 
Expansion,  chemisch  spanabhebender  Formge- 
bung,  Atzen  oder  Vermahlen,  elektrolytischem  At- 
zen,  gewebten  Textilbahnen,  Perforierung  und  Fo- 
lien  mit  unter  Dampf  abgeschiedenen  Bindeschich- 
ten  bestehenden  Gruppe  ausgewahlt  wird. 

12.  Zelle  nach  einem  der  Anspruche  1  bis  11  ,  worin  das 
hochsiedende  aprotische  Losungsmittel  aus  der 
ausy-Butyrolacton,  Propylencarbonat,  Diglyme,  Te- 
traglyme,  Dimethylsulfit,  Dimethylsulfoxid,  Sul- 
folan,  y-Valerolacton,  Ethylencarbonat  und  deren 
Kombinationen  bestehenden  Gruppe  ausgewahlt 
ist. 

13.  Zelle  nach  einem  der  Anspruche  1  bis  1  2,  worin  das 
Lithiumsalz  aus  der  aus  Lithiumtetrafluorborat,  Li- 
thiumhexafluorarsenat,  Lithiumtrifluormethansulfo- 
nat,  Lithiumhexafluorphosphat  und  Lithiumperchlo- 
rat  bestehenden  Gruppe  ausgewahlt  ist. 

14.  Zelle  nach  einem  der  Anspruche  1  bis  13,  worin  die 
Elektrolytlosung  zusatzlich  noch  ein  Salz  mit  einem 
Gehalt  an  dem  Perchloratanion  aufweist. 

15.  Zelle  nach  Anspruch  1  4,  worin  das  Salz  aus  der  aus 
Perchlorat,  Tetraalkylammoniumperchlorat  und  Li- 
thiumtetrafluorborat  bestehenden  Gruppe  ausge- 
wahlt  ist. 
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16.  Zelle  nach  einem  der  Anspruche  1  bis  15,  worin  die 
Zelle  zusatzlich  noch  einen  Anodenstromkollektor 
und  ein  Separatormaterial  mit  einschlieBt,  das  zwi- 
schen  den  Anoden-  und  Kathodenstromkollektoren 
angeordnet  ist. 

17.  Zelle  nach  Anspruch  16,  worin  das  Separatormate- 
rial  aus  der  aus  KAOWOOL,  Glasfasern  und  poro- 
sen  Fluorpolymeren  bestehenden  Gruppe  ausge- 
wahlt  ist. 

18.  Zelle  nach  einem  der  vorstehenden  Anspruche, 
worin  die  Anodengeometrie  die  Form  einer  Spule, 
einesZylinders,  eines  Streifens  oder  von  Pellets  mit 
einschlieBt. 

Revendications 

1.  Pile  electrochimique  ayant  une  anode  metallique 
comprenant  :  un  element  du  groupe  IA,  1  1  A  ou  NIB 
ou  un  alliage  d'un  tel  element  ;  une  cathode  solide 
en  matiere  electroniquement  conductrice  ;  une  so- 
lution  electrolyte  non  aqueuse  conductrice  ionique 
fonctionnellement  associee  et  en  contact  direct 
avec  ladite  anode  et  ladite  cathode,  la  dite  solution 
electrolyte  non  aqueuse  comprenant  un  premier 
composant  qui  consiste  en  un  solvant  aprotique  de 
haut  point  d'ebullition  ou  des  combinaisons  d'un  tel 
solvant,  et  un  deuxieme  composant  qui  consiste  en 
au  moins  un  sel  de  lithium  ;  une  grille  de  collecteur 
de  courant  de  cathode  en  acier  inoxydable  ferritique 
fortement  allie  non  corrodable  ;  et  une  enceinte  her- 
metique  pour  ladite  pile,  ladite  enceinte  incluant  un 
boTtier  en  metal  et  une  etancheite  verre-metal  :  la- 
dite  pile  presentant  une  densite  d'energie  jusqu'a 
0,6  watt.  h.  cm-3  environ  et  possedant  des  perfor- 
mances  operationnelles  constantes  dans  une  plage 
de  temperatures  de  fonctionnement  allant  de  -20°C 
a  180°C. 

2.  Pile  suivant  la  revendication  1  ,  dans  laquelle  ladite 
anode  est  en  alliage  de  lithium-aluminium. 

3.  Pile  suivant  la  revendication  2,  dans  laquelle  ledit 
alliage  de  lithium-aluminium  comprend  de  0%  envi- 
ron  a  50%  environ  d'aluminium  en  poids. 

4.  Pile  suivant  une  quelconque  des  revendications  1 
a  3,  dans  laquelle  ladite  cathode  solide  est  choisie 
parmi  un  fluorocarbone,  un  oxyde  metallique  ou  un 
bronze  d'oxyde  metallique. 

5.  Pile  suivant  la  revendication  4,  dans  laquelle  le  fluo- 
rocarbone  est  un  polycarbone  monofluorure  (CFX) 
avec  x  compris  entre  0,5  et  1  ,2  environ. 

6.  Pile  suivant  la  revendication  4,  dans  laquelle  le 

bronze  d'oxyde  metallique  est  un  oxyde  d'argent- 
vanadium. 

7.  Pile  suivant  une  quelconque  des  revendications 
5  precedentes,  dans  laquelle  la  cathode  comprend 

en  outre  un  liant  approprie. 

8.  Pile  suivant  la  revendication  7,  dans  laquelle  le  liant 
est  du  polytetrafluoroethylene. 

10 
9.  Pile  suivant  une  quelconque  des  revendications  1 

a  8,  dans  laquelle  ladite  grille  de  collecteur  de  cou- 
rant  de  cathode  est  constitute  d'un  acier  inoxydable 
de  la  classe  des  aciers  inoxydables  ferritiques  for- 

es  tement  allies. 

10.  Pile  suivant  la  revendication  9,  dans  laquelle  ledit 
acier  inoxydable  ferritique  fortement  allie  est  le  SU- 
PERFERRIT. 

20 
11.  Pile  suivant  une  quelconque  des  revendications  1 

a  10,  dans  laquelle  ledit  collecteur  de  courant  de 
cathode  est  fabrique  par  une  technique  choisie 
dans  le  groupe  comprenant  I'expansion  mecani- 

25  que,  I'usinage  chimique,  I'attaque  ou  le  fraisage, 
I'attaque  electrolytique,  le  tissage,  la  perforation  et 
une  feuille  mince  a  couche  de  liaison  deposee  en 
phase  vapeur. 

30  12.  Pile  suivant  une  quelconque  des  revendications  1 
a  11,  dans  laquelle  ledit  solvant  aprotique  de  haut 
point  d'ebullition  est  choisi  dans  le  groupe  compre- 
nant  (gamma)butyrolactone,  carbonate  de  propyle- 
ne,  diglyme,  tetraglyme,  sulfite  de  dimethyle,  sul- 

35  foxyde  de  dimethyle,  sulfolane,  (gamma)valerolac- 
tone,  carbonate  d'ethylene  et  leurs  combinaisons. 

13.  Pile  suivant  une  quelconque  des  revendications  1 
a  12.  dans  laquelle  ledit  sel  de  lithium  est  choisi 

40  dans  le  groupe  comprenant  tetrafluoroborate  de  li- 
thium,  hexafluoroarsenate  de  lithium,  trifluorome- 
thane  sulfonate  de  lithium,  hexafluorophosphate  de 
lithium  et  perchlorate  de  lithium. 

45  14.  Pile  suivant  une  quelconque  des  revendications  1 
a  13,  dans  laquelle  ladite  solution  electrolyte  com- 
prend  en  outre  un  sel  contenant  I'anion  perchlorate. 

15.  Pile  suivant  la  revendication  14,  dans  laquelle  ledit 
so  sel  est  choisi  dans  le  groupe  comprenant  perchlo- 

rate,  tetraalkyl  ammonium  perchlorate  et  tetrafluo- 
roborate  de  lithium. 

16.  Pile  suivant  une  quelconque  des  revendications  1 
55  a  15,  dans  laquelle  la  pile  comprend  en  outre  un 

collecteur  de  courant  d'anode  et  une  matiere  de  se- 
paration  placee  entre  les  collecteurs  de  courant 
d'anode  et  de  cathode. 
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17.  Pile  suivant  la  revendication  16,  dans  laquelle  ladite 
matiere  de  separation  est  choisie  dans  le  groupe 
comprenant  KAOWOOL,  fibres  de  verre  et  fluoro- 
polymeres  poreux. 

5 
18.  Pile  suivant  une  quelconque  des  revendications 

precedentes,  dans  laquelle  la  geometrie  de  I'anode 
comprend  une  forme  de  bobine,  de  cylindre,  de 
bande  ou  de  boulette. 
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